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Balloon dilation of recoarctation of the aorta was per-
formed 47 times
in 44 patients 49 ± 54 months after
surgical repair . The initial operation was performed in the
neonatal period in 9 patients (66%) . The age at balloon
dilation was 4 .9 ± 5
.3 years (range months to 0 years)
and weight was 18 ± 15 kg (range to 7 ) .
Systolic pressure
difference across the recoarctation site decreased from 37 ±
16 to 14 ±
11 mm Hg and coarctation/aortic diameter ratio
increased from 0.45 ± 0.14 to 0.85 ± 0 .16 immediately
after balloon dilation regardless of the nature of the previ-
ous operation (subclavian flap [n = 1 ], resection with end
to end anastomosis [n = 1], patch angioplasty [n = 4] or
multiple operations [n = 5]) . In the ascending aorta,
systolic pressure decreased from 1 0 ± 5 to 113 ±
0 mm
Hg. In the descending aorta, systolic pressure increased
from 85 ± 15 to 100 ±
19 mm Hg and pulse pressure
increased from ± 7 to 36 ± 8 mm Hg .
Coarctation of the aorta may persist or recur regardless of
the surgical technique used for the initial correction (1, ) . It
is more common after neonatal surgery (1) but may occur
after operation at any age (3) . Reoperation was the recog-
nized treatment for recoarctation (4) until early reports (5,6)
suggested that balloon dilation might be an effective alterna-
tive with an acceptably low incidence of complications .
Since January 1985 we have adopted this approach in
children with recoarctation .
Methods
Patients . Forty-seven balloon dilation procedures were
performed in 44 patients with recoarctation from January
1985 to September 1988 at The Hospital for Sick Children,
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At repeat cardiac catheterization in 1 patients (48%)
1 t 8 months after
balloon dilation, there was further
reduction in systolic pressure difference from 17 ± 11 to
1 ± 9
mm Hg with no further change in coarctation/
aortic diameter ratio . Aneurysm formation was evident in
one patient ( %) immediately after balloon dilation ; the
aneurysm was unchanged at repeat study 15 months
later. A "new" aneurysm was apparent in
(10%) of the
other
0 patients restudied to date. The occurrence of
aneurysm in these three patients was
unrelated to balloon
size. There were no procedure-related deaths . Three
patients (7%) had femoral artery occlusion
. Balloon dila-
tion affords good relief of obstruction without adverse
sequelae from aortic wall disruption at medium-term
follow-up .
(J Am Coll Cardiol 1989 ;14:413-9)
413
London (n = 7) and Freeman Hospital, Newcastle upon
Tyne (n = 17) . The patients ranged in age from months to
0 years (mean 4.9 ± 5 .3 years) and in weight from to 7 kg
(mean 18 ± 15); 3 were male and 1 female . Informed
consent was obtained from the patient or parents before
balloon dilation in each case .
Recoarctation was confirmed by hemodynamic measure-
ments and angiography . Balloon dilation was performed if
the systolic pressure drop on withdrawal across the recoarc-
tation was > 15 mm Hg with discrete narrowing at the site of
previous surgical repair . Prompt intervention was performed
in the presence of ventilator dependence or uncontrolled
upper limb hypertension . Otherwise, we preferred to wait
until a body weight of 8 to 10 kg had been attained .
Previous coarctation surgery . Initial coarctation surgery
had been performed within the first 3 months of life in 37
patients (84%) (Fig . 1) . Thirty-nine patients had had a single
operation : subclavian flap in 1 , resection with end to end
anastomosis in 1, patch aortoplasty in 4 and complex
procedures (resection with reversed subclavian flap, resec-
tion with pericardial patch) in (Fig . ) . Four patients had
two operations: one had resection with an end to end
0735-1097/89/$3 .50
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1 - 3 mths
8(18%) < 1 mth
9(66%)
Figure 1 . Age at original coarctation surgery .
anastomosis twice, two underwent resection and end to end
anastomosis followed by resection and patch aortoplasty and
the fourth had a subclavian flap followed by patch aorto-
plasty. One patient underwent three operations : resection
with end to end anastomosis initially and two subsequent
patch aortoplasties. The interval between last operation and
balloon dilation was 49 ± 54 months (range 6 weeks to 15
years) .
Dilation procedure . Balloon dilation was performed with
use of local anesthesia with sedation (n = 6) or general
anesthesia (n = 18) . Heparin, 100 U/kg, was given . Angio-
graphy of the aortic arch was performed in the left anterior
oblique and lateral projections . The diameters of the reco-
arctation site and the aorta proximal to the recoarctation
were measured on a video freeze frame. Catheter diameter,
or the intermarker distance on a marker catheter, was used
to correct for magnification . The balloon catheter (Meditech
or Surgimed) was introduced directly over a guide wire .
Balloon size was <1 0% of estimated aortic isthmus diam-
eter, although retrospective angiographic review demon-
strated that this arbitrary limit was exceeded in seven
patients . Accurate positioning was confirmed by a waist in
the partly inflated balloon . The balloon was fully inflated by
hand with dilute contrast medium for 5 to 10 s, between three
and five times . In two patients, two balloons were used
simultaneously. In three others, the balloon was introduced
n = 44
RESECTION
1 (48%)
Figure . Nature of previous surgery . Complex = operative proce-
dure other than those listed below (see text) ; multiple = more than
one previous operation for coarctation ; patch = patch repair of
coarctation ; resection = resection of coarctation with end to end
anastomosis ; SF = subclavian flap repair .
transvenously by way of a ventricular septal defect . In six
children, two ballons were used consecutively when the
initial result was suboptimal and a bigger balloon was
thought appropriate .
At subsequent review of the angiograms,
the ratio of
coarctation diameter to the proximal aortic diameter, ex-
pressed as "aortic index," was measured before and after
dilation . An aneurysm was defined as the angiographic
appearance of a localized bulge of the aortic wall .
Repeat catheterization . Elective recatheterization has
been performed in 1 patients (48%), to 4 months (mean
1 ± 8) after the original dilation . Repeat dilation was
performed in three of these . Eighteen patients (41%) with
follow-up < 18 months since dilation, await restudy . Restudy
was not possible in two children who died (unrelated to the
balloon dilation procedure) and three patients resident over-
seas .
Statistics . Differences between the means of paired sam-
ples were compared by Student's t test .
Results
Hemodynamic measurements . Systolic pressure differ-
ence across the recoarctation site decreased from 37 ± 16 to
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Figure 3. Systolic pressure difference
across the coarctation site (GRADIENT)
before balloon dilation (PRE), immedi-
ately after balloon dilation (POST) and at
catheter restudy (LATE) .
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Figure 4 . Ascending aorta systolic blood pressure (AoA SP) before
balloon dilation (PRE), immediately after balloon dilation (POST)
and at catheter restudy (LATE) .
14 ± 11 mm Hg (p < 0 .001) immediately after dilation . There
was a further reduction, from 17 ± 11 to 1 ± 9 mm Hg
(p = 0.03) . in the patients who have had recatheterization
(Fig . 3) . Ascending aorta systolic pressure was reduced from
1 0 ± 5 to 113 ± 0 mm Hg (p = 0 .0 ), but the reduction
from 105 ± 33 mm Hg immediately after dilation to 98 ± 7
mm Hg at repeat catheterization in the 1 patients restudied
was not significant (Fig . 4) . Descending aorta systolic pres-
sure increased from 85 ± 15 to 100 ± 19 mm Hg (p < 0 .001) .
Pulse pressure in the descending aorta increased in all but
one patient (mean change from ± 7 to 36 ± 8 mm Hg ; p
< 0.001) (Fig . 5) .
The systolic pressure difference between the ascending
and descending aorta was reduced in 43 (98%) of the 44
patients after balloon dilation . In one infant there was no
immediate decrease in pressure, but at follow-up he is
normotensive with no clinical evidence of residual coarcta-
tion .
Angiographic measurements . Aortic index (ratio of coarc-
tation diameter to proximal aortic diameter) improved in all
cases from 0 .45 ± 0 .14 to 0 .85 ± 0 .16 (p < 0 .001) (Fig . 6) .
There was no change in proximal aortic diameter in any
patient. Aortic index at restudy was 0 .84 ± 0 . 1, similar to
that immediately after dilation (0 .86 ± 0 .15) in the 1 patients
who have been restudied (Fig . 6) .
Two patients (5%) who had undergone neonatal subcla-
vian flap repair, with subsequent patch aortoplasty in one,
Figure 5 . Descending aorta (AoD) pulse pressure before balloon
dilation (PRE) and immediately after balloon dilation (POST) .
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Figure 6. Influence of balloon dilation on aortic index (ratio of
coarctation to proximal aortic diameter) (COA/AO) before balloon
dilation (PRE), immediately after balloon dilation (POST) and at
catheter restudy (LATE) .
had a small aneurysm before the dilation procedure . The
aneurysm was unchanged after dilation (Fig . 7) and at
restudy 6 months later in one patient (the other awaits
restudy) . A discrete aneurysm was apparent immediately
after the procedure in one patient ( %) who had neonatal
coarctation resection with end to end anastomosis . This
appearance was unchanged at repeat angiography 15 months
later (Fig . 8). Two other patients had a discrete aneurysm
first noted at angiography 11 and 18 months, respectively,
after balloon dilation (Fig . 9 and 10) . One had had resection
with end to end anastomosis and the other had had resection
with end to end anastomosis followed by patch angioplasty .
Aneurysm formation has not been observed in any other
patient .
Relation to previous surgery . The systolic pressure drop
across the coarctation was reduced from 40 ± 19 to 13 ± 9
mm Hg (p < 0 .001) in 1 patients with previous resection and
end to end anastomosis, from 34 ± 13 to 9 ± 8 mm Hg
(p < 0.001) in 1 patients who had undergone subclavian flap
repair and from 44 ± 19 to 18 ± 9 mm Hg (p = 0 .04) in 4
patients who had had patch repair without coarctation
resection . Five children had more than one operative proce-
dure, and in this group the systolic pressure difference fell
from 41 ± 15 to 17 ± 7 mm Hg (p < 0 .0 ) . There were two
additional patients in whom complicated procedures had
been performed . There was no difference in the reductions of
pressure difference among these groups (Fig . 11) .
Aortic index increased from 0 .46 ± 0.15 to 0 .80 ± 0 .13
(p < 0 .001) in 1 patients with previous resection and end to
end anastomosis, from 0 .45 ± 0 .13 to 0 .89 ± 0 .1 (p < 0.001)
in 1 patients with previous subclavian flap repair, from 0 .43
0 .16 to 0 .89 ± 0 .09 (p < 0 .01) in four patients who had
undergone patch repair and from 0 .55 ± 0 .11 to 0 .85 ± 0 .14
(p < 0.01) in the five patients with more than one previous
operation . The improvement in aortic index obtained by
balloon dilation was similar in each of these groups .
Repeat balloon dilation . At repeat catheter study, three
patients met the original criteria for balloon dilation and had
a repeat balloon procedure. In two of the three patients,
there was no improvement in the gradient after the second
dilation procedure despite the use of a larger balloon . One
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patient had a reduction from 18 to 6 mm Hg on the second
occasion, having already had a reduction in gradient from 55
to 30 mm Hg at the first attempt. The reason for the
difference is unclear because the balloon size used initially
(18 mm) was only slightly smaller than that used at repeat
dilation ( 0 mm). However, the coarctation diameter in-
creased by 11 to 7% in all three patients immediately after
repeat dilation .
Femoral artery complications . After balloon catheter in-
troduction into 46 femoral arteries in the 44 patients, the
distal pulses on the side of catheter entry were difficult to
palpate or absent in 8 patients . Two patients underwent
femoral artery repair with good return of pulses . Two
patients received anticoagulant therapy (one with streptoki-
nase and one with heparin) with good return of pulses .
Although pulses in the other four were not palpable, flow
was evident on Doppler examination and these patients
received no specific intervention . At follow-up, pulses in the
affected leg were still diminished in three of the four patients,
each of whom has had angiographic confirmation of super-
ficial femoral artery occlusion . The mean weight of these
JACC Vol . 14, No .
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Figure 7. Aortic aneurysm adjacent to
the site of neonatal subclavian flap re-
pair present before balloon dilation
(A) . There is no change in the angio-
graphic aneurysm dimensions after bal-
loon dilation (B) .
four children was 7.7 ± .9 kg (range to 1 ) . In the child
weighing 1 kg the pulse was lost after the balloon ruptured
circumferentially with eversion of the distal fragment in the
artery during balloon catheter extraction . Apart from this
case, there was no local vascular complication in any child
weighing >10 kg .
Mortality . Two patients died because of unrelated
events. One boy with severe pulmonary hypertension sec-
ondary to a ventricular septal defect died as a result of
pulmonary vascular obstructive disease . Postmortem exam-
ination confirmed a good result from balloon dilation with no
evidence of aneurysm development . An infant with a su-
pramitral membrane and ventricular septal defect who un-
derwent dilation of the recoarctation by way of the ventric-
ular septal defect died after attempted intracardiac repair .
There was no autopsy .
Discussion
Balloon dilation for recurrent or residual coarctation after
previous surgery afforded satisfactory relief of obstruction in
Figure 8 . Aortic aneurysm appearing
for the first time at the site of end to end
anastomosis after balloon dilation (A) . It
is unchanged at late restudy (B) .
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Figure 9 . Aortic aneurysm seen for the first time at late restudy (C)
but not present before (A) or immediately after (B) balloon dilation .
This patient had had previous coarctation resection and end to end
anastomosis .
a large series of infants and children . The relief was sus-
tained or further improved at repeat investigation performed
at a mean interval of 1 months later .
Surgery for recoarctation . Any interventional catheter-
ization procedure must be compared with the surgical alter-
native. The operative mortality rate for residual or recurrent
coarctation is potentially 10 to 0% (4), a value that is
similar to the incidence of (1 %) of 17 recently reported
( ) .* The main causes of morbidity after reoperation are
spinal cord damage (7), pulmonary collapse or infection,
wound sepsis and infection at the repair site. Surgery does
not reliably abolish the residual obstruction (5 patients in our
series had undergone at least one reoperation, and there was
a residual mean gradient of 15 mm Hg after reoperation in a
surgical series of 6 patients [8]) .
Advantages of balloon dilation . The risk of death from
balloon dilation for recoarctation is low and compares favor-
ably with that of reoperation . The only two deaths in the
present series of 44 patients were related to other cardiac
lesions, whereas the other 4 patients are alive and none has
required further coarctation surgery . There was only one
death among 58 patients undergoing balloon dilation for
recoarctation in other studies (5,6,9-14) . That patient was a
15 year old boy who died suddenly 6 h after an apparently
uncomplicated balloon dilation procedure ; no anatomic
cause was identified at autopsy (6) . The combined proce-
dure-related mortality in these series and in our own is <I% .
It is unlikely that any surgical technique is free from the
*In our experience at the Hospital for Sick Children, 70 patients under-
went surgery for recoarctation between 1971 and 1986 . The operative mortal-
ity rate was 3% ( of 70) and the late mortality rate was 6% (4 patients) (Stark
J, unpublished observations) .
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complication of recoarctation (1, ,4,15) . At the Hospital for
Sick Children, the recoarctation rates after subclavian flap
repair or resection with end to end anastomosis in infancy are
similar (9% and 6%, respectively) (1) . At Freeman Hospital,
subclavian flap repair was less frequently employed ; hence
there is a predominance of patients with previous resection
and end to end anastomosis in this series . Balloon dilation was
equally effective in patients who had had subclavian flap
repair, resection with end to end anastomosis, patch repair or
even more than one operation, although the last two groups
are small . This finding is in agreement with reported experi-
ence (9) . Age, weight or interval after operation did not
influence the result of balloon dilation .
The indication for reoperation has varied, some (4) rec-
ommending surgery for a recoarctation gradient > 0 mm Hg
and others ( ) for a gradient >40 mm Hg . If balloon dilation
is effective, less traumatic and entails a lower risk, the
"threshold" for intervention might be lower than that for
surgery . This lower threshold may help to preserve left
ventricular performance in the long term, as this is known to
be abnormal even in patients with adequately repaired
coarctation (16) .
Balloon dilation may also have an important role in
management of patients requiring cardiopulmonary bypass
surgery for intracardiac abnormalities . In four of our pa-
tients, balloon dilation permitted subsequent cardiopulmo-
nary bypass surgery without additional recoarctation repair .
It was also effective in a child who was ventilator dependent
after complex surgery by relieving mild recoarctation that
would have been unimportant in other circumstances .
Finally, balloon dilation has cosmetic advantages and is
less expensive than surgery . Most of our patients were
discharged from hospital the day after the dilation proce-
dure . The few with vascular complications stayed longer but
all but one patient were fit for discharge within 4 days .
Potential disadvantages of balloon dilation . Balloon dila-
tion relieves aortic obstruction by tearing the intimal and
medial layers of the aortic wall (17) . Aneurysm has been
418
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Figure 10 . Aneurysm on inner curvature of the aortic arch seen at
late restudy (C) but not before (A) or immediately after (B) balloon
dilation . This patient had had coarctation resection and end to end
anastomosis followed by patch aortoplasty .
noted previously at the site of dilation in unoperated coarc-
tation (7,18,19) . In each of these series, balloon size less than
the proximal aortic diameter was chosen . In one study (18),
the presence of aneurysm in of 15 patients restudied at I
year correlated with balloon diameter/coarctation diameter
ratio of ?3 .8 . After balloon dilation for recoarctation, the
perivascular scar tissue resulting from surgery may provide
support for the thinned arterial wall . Three of our patients
developed an aneurysm ; we are unaware of any previous
report of aneurysm after balloon dilation for recoarctation .
We found no relation between the balloon diameter and the
development of an aneurysm . In the short term, there
Figure 11 . Effect of the type of previous coarctation surgery on the
systolic pressure difference (GRADIENT) across the coarctation
site before and after recoarctation balloon dilation . MULT = more
than one previous operation for coarctation ; RES = resection with
end-to-end anastomosis . Other abbreviations as in Figure .
SF RES PATCH MULT
AFTER
0 BEFORE
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appears to be no enlargement of aneurysms developing after
balloon dilation of unoperated coarctation (18), but more
experience is necessary . Two of our patients had an aneu-
rysm before balloon dilation . Both had had subclavian flap
repair with subsequent patch aortoplasty in one . The aneu-
rysms were not aggravated by balloon dilation .
Occlusion of the superficial femoral artery occurred in
three (7%) patients, all weighing < 1 kg. Despite progressive
improvement in balloon catheter design this is a continuing
problem . Deferring balloon dilation (where possible) until
body weight is >10 kg might minimize this complication .
Occasionally, when balloon dilation is indicated in infants
with associated intracardiac anomalies, venous access to the
aorta is possible . This technique was employed in 3 (7%) of
our 44 patients . The protocol for heparin/streptokinase ad-
ministration after femoral artery occlusion early in this series
was less formal than that adopted by others with a similar
patient group in whom the femoral artery occlusion rate was
only 4% (1 of 7) (9) . Introduction of two balloon catheters,
one from each groin, a technique used in only (5%) of our
44 patients, permits use of smaller catheters, although both
femoral arteries are then at risk .
Conclusions . Our experience to date justifies continua-
tion of a policy of elective balloon dilation for postoperative
coarctation except, perhaps, in small infants . Surgery for
recoarctation has not been performed in any child weighing
>4 .5 kg in either of our institutions since inception of the
study . No patient in this series has had subsequent coarcta-
tion surgery . Adequate relief of obstruction without mortal-
ity and minimal morbidity has been demonstrated . The
question remains as to the long-term sequelae of disruption
of the aortic wall by balloon dilation. The answer is most
likely to come from longitudinal studies such as this one . A
prospective controlled trial of balloon dilation versus reop-
JACC Vol . 14, No .
August 1989 :413-9
eration for recoarctation would be ideal, but it is unlikely to
occur because it would require multicenter participation and
many years of follow-up .
We thank Drs . H . Bain, C . Bull, J . Deanfield, S . Hunter, P . Rees and J . Taylor
for allowing us to report details of patients under their care and S . Croot for
preparation of the manuscript .
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